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INTRODUCTION 


The purpose of this thesis is to compare the cost of 
orestressed concrete structures with the cost of conven- 
tional structures and to determine if, and under what con- 
ditions, prestressec concrete compares favorably. This 
comparison is not all-inclusive because of time limitations. 
It is a start in a field previously undocumented, and it is 
hovoeo by the authors that the investigation will be con- 


tinued anc extended to other designs. 


The investigations in this thesis include a comparison 
of fourteen simple rectangular beams, a small highway 
bridge, and a larger highway overnass bridge. The fourteen 
simple beams were chosen as a starting point because they 
represent an element found in many structures. Since it 
was imoossible to investigate all the conceivable combina- 
tions of spans and loads, the fourteen were chosen as 
common ones encountered in oractice. The small highway 
bricge was selectsd because of its simvolicity and also 
because it was the first vrestressed bridge comleted in 
this country. The highway overvass bridge is a tyvical 
exammle of large bridges being constructed in considerable 
numbers by the highway cepartmnents of most states, The 
contract for this bridge has been awarded and the bridge 


Miil be a part of the New York Thruway. 








~ 
0 soe —| oe 
oe °~ led 
See Bide al-) « 
aye oe eg 
eo 
a 


— 1 + ay eabe! oe Od elie AT 
ee ee ee eT | 
a eS ate wee & ply we | EG 
ha? ee Adee TN © oe Li  -. , 

‘ oe) (eee (ae 6) ee” & me ve 
Se Lalli Wend i a ble |) 
Se oO rere © h61jk i Se roe 
ee Ae ee Gey ft ere fe 
SU ed) oe UG 
Od le ee 
i 
ite ee Oe fi tee cedh it Sem Stet OU 
—— Caer lime Te Cee tee ee ee 


















Yr 

























ue tre DR eo Ori eee ee fe of omy da 
Sere dei — ; im « Wi 














Prestressed concrete is a relatively new method of 
bridece anc bduilcing construction in the United States; 
however, it has been used to a considerable extent in 
circular tanks end pipime. At the time of this) writing, 
the onlv comolsted bridge of major proportion mas the 
Valnut Lane Bridge in Philadelphia. This bridge was also 
the first project to be started in this country. A 
smaller bricge in Madison County, Tennessee, was begun 
after the Yalnut Lane Pridge but was completed before it, 
thereby gaining the distinction of being the first pre- 
stressed concrete bridge completed in this country. The 
cost of the prestressed bridge in Macison County, Tennessee, 
is comparec with a conventional design for the same site in 


Part II of this thesis. 


Prior to its introcuction in the United States, pre- 
stressed concrete had been used for some time in Europe cnr, 
The supolv of materials, especiallv steel, has always been 
critical in Burope, even more so during and after Torld 
War II. Since vrestressed construction results in an 
economy of materials, it has been used extensively there (2). 
The European methods of vrestressing entail the placing 
and stressing of individual wires or small groups of wires 
at one time. This results in considerable labor, however 
it is not a controlling factor because Europe has a large 


supolv of cheap labor. 


1. Numbers in varentheses refer to Reference numbers. 
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Prior to the late 1930's the American suvply of iron 
ore mas consicered relatively inexhaustible. By relatively 
inexhaustible, it is meant that there was a plentiful 
Supply for the next fortywomPeity yeas, and mithin that 
Deriod it ras reasonably expected that new techniques would 
be developed which would make possible the use of impure 
iron denosits. The steel industry also expected to find 
Mew rich deposits during that period. The drain of reserves 
saused by Worlc War II anc the increased peacetime use have 
depleted the eunoly ts the point that the Lake Superior 
Geposit will »e« exhéeusted within the next ten to twelve 
years. A consicerable amount of capital has been invested 
in research anc successful methods have been ceveloped to 
beneficiate the imoure ores. The use of these methods, 
Wermever, mill entail a considerable increase in cost due 
to the additional processing (3). New deposits have re- 
cently been discovered in South America, and it is planned 
to use these deposits as much as possible in the future, 
therebv prolonging the life of the Lake Superior ranges. 

In an emergency, however, an enemy or a change of local 
government could deny us access to these ores. It is an 
accepted fact that prestressed concrete results in a con- 
Siderable saving in steel. This being the case, prestressed 
concrete construction can and should play an important part 


im our future. 








The suoply of concrete itself has not been equal to 
the demand? curiae ihe summer and fall months of each year 
sirce Jorld War t1. Xts tremendously increased use in 
nighway paverents has Deen one of the main causes of this 
shortage. “n addition the heavy demand for cement by the 
construction industry during this period shows no sign of 


abatement, unc it is anticipated that the shortage will be 


evenwmore critica: during the summer ame fall of Tg51. 


It is whe aaihors' cvinien that the development of a 
very Aligh strenzt:. siagie strand to replace the individual 
2res, common to “vicpccu practice, by the John A. Roebling's 
eens Co. will resilt in en economic utilization of labor in 
this country, despite the high level of ~age rates. Although 
this strand requires a much larger jacking unit, this sim- 
plified methoc is ccnsidered a characteristic expression of 


American ingenuity and imolementation. 


Before vrestressed construction can be economically 
utilized in this country, it must: 1. be accepted by the 
designing engineers who are reluctant to adopt radically 
mem oesigns, and 2. be acceptec by the contractors who are 
naturally hesitant to give realistic bids on the prestressing 
operation itself, because of their unfamiliarity with the 
work. The latter results in high bids even though the 
cuantities of material are smaller, and consequently no 


economy is realized by the builder. 
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There is a distinct possibility that the material 
Situation may become so critical that the use of prestressed 
construction may be imperative in order to conserve materials, 
even though it may not be the most economical in all appli- 


cations. 





a' 2 = oe oF 
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COMPARISON OF SIMPLT PTCTANGILAR BEANS 


As is stated in the Introduction, it is impossible to 
investigate all the conceivable combinations of spans and 
loads; therefore, fourteen were chosen as common ones en- 


countered in vractice. The spans and loads are as folloms: 


Svan Load Span Load 
20 feet 200 vp 40 feet 100 pp 
"f OO i} 1 200 " 
" CO 4 1 300 =~" 
tf 500 iY t! LOO if 
30 feet Le, * " seo =|” 
1! 200 " 
" 2 O00 "W 
" Loo i 
i 500 ~« 


The ovantities for each beam are 1, 10, 100 and 1000. The 
comparison will include: 1. quantities of materials, 


2. labor cost, 3. material cost, anc 4. total cost. 


Conventional Design Procedure 

In the conventional cesigen the worocedure and tables of 
the Reinforced Concrete Design Handbook ~were used exclusively. 
The allowable stresses were taken from ACI Standards - 1949. 
A depth to breadth ratio of 2 to 1 was used, as this ratio is 
considered to give the most economical section (4). The 
results of these design computations are given in Table I, 


page 19. Since there is no apvreciable difference in the 
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price of concrete in New York City, 3750 psi concrete was 
used to give a higher allowable diagonal tension stress and 


therefore eliminate stirrunvs. 


Prestressed Design Procedure 





The prestressed design as basec on a method developed 
bv Mr. Fred J. Uziel, Staff Engineer, Preload Corporation, 
N. YY. Since the purpose of this thesis is an economic stucy, 
the details of the design procedure are not given. The 
results of the computations are given in Table II, page 22. 
For a complete presentation of the method, the reader is 


referrec to Reference 5. 


As with the conventional design, a depth to breadth 
ratio of 2 to 1 was used. In Mr. Uziel's method, a depth 
must be assumec. To eliminate trial and error in determining 


the depth in each case, a formula of Magnel's was used (6). 


ae. Mey 
oO - oe * Cy 
Me = the moment due to the live load 
c¢ = the permissible compressive stress in concrete 


Cy = the permissible tensile stress in concrete 
b = the breadth 
D = the depth 
By setting bd = 5 the only unknown is D and it can therefore 


be solved directly. 
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The symbol "c"™ shown in the design table is defined in 
Mr. Uziel's method as the ratio of area of strand hole to 
the area of the section. The value of c = 2.5% used in the 
Gesign was chosen because it is a very conservative value. 


In all cases the actual ratio is much less than 2.5%. 


At the time of this writing, no codes for prestressed 
Gesign had been acdonted. Since in prestressed cesign the 
entire section is considered to resist flexure, a 5000 psi 
concrete was used. The allowable stresses based on 5000 


psi are tabulated in the design table. 


An allowable diagonal tension stress of 3% of f', or 
150 psi is assumed. In the design table the computation of 
horizontal shear at the neutral axis, as a measure of 


diagonal tension, was basec on v = a 


v = intensity of horizontal shear in psi 
V = total shear due to appolied loads and beam wt. in ibs 
A = total cross-sectional area in in.¢@ 


In all cases v was less than the allowable intensity of unit 
stress. There are two adcitional considerations which must 
be incluced if an exact solution is to be made for the 
maximum princip?1 tensile stress. These are the shear force 
Cue to the curvature of the strand and the compressive stress 
in the end of the beam cue to the stress in the strand. 


Since these two factors will reduce the value of the maximum 
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principal tensile stress below that calculated for v above, 


the results tabulated are conservative. 


The size of the prestressed strand required is deter- 
mined by the value of "P" in the Prestressed Design Table, 
vage 23. With this value of "P" the cable size is selected 


from the Strand Physical Properties Table, page 24. 


Basic Assumptions 


The plant is assumed to be set up expressly for each 


beam casting job. 


One beam will be poured on the jobd site mith one wood 


form by carpenters and common laborers. 


Ten beams will be poured on the joo site with two wood 


forms by carventers anc common laborers. 


One hundred beams will be pourec on a special site con- 
structed or existing for this purpose with ten steel forms 
by carpenters, steel workers anc common laborers. The 
forming operation itself will still be done by carventers 
even though steel forms are used. The steel worker will 
vlace and tie the reinforcing bars in the conventional beams 


and the prestressing strands in the prestressed beams, 


One thousand beams will be hancled the same as one 


hundred excevt that fifty steel forms will be used, 
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The wood forms are plywood contact surfaces with 2x4 
bracing 16" cc. For one beam the salvage value of the lumber 
is one-half its initial cost. For the ten beam job two wood 
forms are used and after five pourings each, the material has 


no salvage value. 


The steel forms are fabricated for assembly and cis- 
assembly in lengths of approximately five feet. They are 
two-piece clamp type with oven top. It is estimated that 
the life of this form is one-thousand pourings. This number 
of re-uses which is higher than claimed by manufacturers 
is usec because the concrete is to be poured on an oiled 
concrete floor and not in place in a structure. Thus each 


pouring absorbs 1/1000 of the total cost of one form. 


For the one and ten beam groups the hours of carpenter 
and common labor per 100 square feet of contact surface 
(SFCS) for each type of forn was based on past estimates of 
conventional beams and columns in place in reinforced con- 
crete buildings. This was the lowest estimate in hours 
given ina series of similar structures. Naturally the time 
recuired to erect anc disassemble a beam in place would be 
much higher than doing the same work on the ground level with 
no scaffolding required and where working conditions are much 
more expecient. Therefore, instead of reducing this time, 


it is assumed that the extra time above that for the general 














. i el 
a 8 Se ere! ere we 
Pe er ee rer one pre ree 

fe Fae ee etme wh mete hm ane | 


40 eee = oo eee eee 
ee ee 2 a ae 
bt ee ee oe ee 
a (a ei ome 4 ne pee & 
tee 06 ree eer er el 


ol ak el, Be 


















ee a hee oe ye oe 


igo a —_ y %. - i ( ae « Te a _———_ . «+ 


: wo 
| ——) 6 As | — ™e ¢ 
fe & ORs, —— : . aa 
—— ee ' 7% 
Pie. J 6 —_. e 
abl @ Le jel oe ‘% 
: i= “ 7 > = = « i. 
a 77-1 = ; . 
. eet: a : : eo 
7 . T ip i - i 
7 : — ~~ ee * ' - 








1i 


erecting, disassembling, and cleaning will be taken up in 
placing reinforcing bars, operating vibrators, cleaning the 
floor area, oiling the floor area, etc., and accomplishing 
other jobs which are not necessarily allowed in conventional 


work or which are done by other workers. 


For the 100 and 1000 beam lots the steel placing would 
be done by structural iron workers. The amount of carpenter 
labor has been reduced pronortionallv to allow for this 
change. The placing of the forms, etc., is still cone by 


the carventers, even though the forms sre of steel. 


In order to be rore svecific the authors have used the 
wares for carventers, structural iron workers, and common 
laborers in New York Citv as of January, 1951, as reported 


in Engineering News Record of January 11, 1951. 


The average price of ready mix concrete in New York 
City in January, 1951, was usec. The same price of ready 
mixed concrete was used for both the conventional and the 
prestressed beams, because of the high quality of aggregates 
available in that srea. The concrete price is per cubic yard 


deliverec and poured wherever the contractor desires. 


Reinforcing bers will be purchased in lots over one ton 


and will be delivered bent, hooked, and ready for placing in 
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the beam. The orice of the bars is that in January, 1951, 


as taken from the Engineering News Record of January 11, 1951. 


Prestressing strands will be purchased in actual lengths 
required, ready for placing in the beam, The price is | 


ouoted by John A. Roebline's Sons Co. for January, 1951, 


The bearing assemoly for the prestressed beam consists 
of a flat plate with a hole just large enough to allow the 
male thread on the eno socket to pass through. A cardboard 
tube will be placec around the socket and strand and held 
flush against the inside of the bearing plate by wire ties. 
The end around the strand will be stuffed with paper to 
prevent the concrete fron running into the tube, thus pre- 
venting any contact between the socket and the concrete. 
The entire length of the stranc is wrapoed with heavy brown 
"rapping paver anc tied with wire ties. This prevents the 
concrete from bonding to the strand, allowing the strand to 
elongate uniformly tnoroughout its entire length during pre- 


stressing. 


COMPUTATION OF BASIC UNITS AND BASIC UNIT COSTS 
I. One and Ten Beans 
A. Forms 
One and ten beams are formed by plywood forms. It 
would be impossible to price each plywood form every time, 


SO an average size beam was chossn and a hypothetical form 
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wag made to arrive et a unit price per SFCS. This figure 
was then epplied to all plywood forms. This form is three- 
sided, the top being left oven. It is 5/8" plywood, studded 
Whth 2x, 16" ce. 

1. Lumber Quantity for a Beam l'w, 2'd, 30'L 


Fir plywood 5/8" thick 


Sides 2(2' x 30') = 120 ft.¢ 
Bomtom ()’ & 90") = So. gt. 


Total SFCS = 150 ft.° 
2x4 studs 16" cc 


Form bracec on four sides 


a(2k"q + 4" +h" Jap) = 64m 
2(12"w + 4 + Yt Jap) = or 


104" per stud 
No. of studs = sogte = 2} 
23 x 104" = 2392" = 199.3' of ext'ts 
2. Lumber Prices 
Plywood @ #226.86/1000 ft.@ 
2x4'!s € $78.00/M.b.m. 


3. Unit Cost of Form 


$225.86 nh 
Pivwood - plete MEO Thin £34.029 


1000 ft.@ 
ys 278 x L:99..5 ft. al 
Total = 344.393 
Unit pricé = ae 323. &.2959/ft.¢ 


~ ie ft... 
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B. Labor 
The labor for one anc ten beams is assumed on the 
basis of carventers and common laborers. 
aie Carpenters @ $3.09/hr. (7) 
Make up, erecting, and stripping 
forms and place steel... .. 9 hrs/100 SFCS (12) 
2. Common Laborers © 71.90/hr. (7) 
Assisting carventers, pouring 
concrete, anc oiling, cleaning 


amd moving ORM 1... . . . 645) neyao0 ve 
12) 


II. One Fundred and One Thousand seams 

A. Forms 

For one huncéread end one thousand beams it is 

assumed that the contractor would buv fabricated steel forms. 
The steel forms would be used on tvo sides of the beam and 
mould be set on a concrete floor which woulc be oiled to 
orevent bonding of the bottom of the beam to the floor. The 
cost as of January 1, 1950, was $2.10 per SFCS. An increase 
in fabricated structural steel of 7.2% is figured for the 


year 1950, making the cost in January, 1951, 732.25 per SFCS. 


B. Labor 
The labor for one hundred and one thousand beams 
is assumec on the basis of structural iron workers, car- 


penters, anc common laborers. 
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Carpenters @ $3.09/hr. (7) 
erecting Gnd stripoime fomms . . . 3.5 hre. (12) 
Common Laborers @ $1.90/hr. (7) 
Erecting, strinping, cleaning 
anc moving forms and nouring 
Pencreaa-- ee. . <M as ao che... 2 HS. (12) 
Structural Iron Workers 
a. Conventional Beams 

An estimating handbook gives 16 hours of 
steel workers' labor per ton of steel for 
placing aid’ wears an average in-place conmetruc~ 
tion. This figure is reduced 25% to 12 hours 
because placing is being done ona slab on the 
ground, bars are all the same size in each bean, 
the bars are celivered bent anc ready for 
olacing, anc no stirrups are requirec. The mage 
of structural iron workers in New York City in 


January, 1951, was $3.25/hr. (7) 


/ 73. os 
rate = LE GEASOR  EL25/RE § §.0195/10, 


$.0195/1ib. = 41.95/cwrt. 


Rate 
b. Prestressed Beams 

Ten minutes is allowed for t-o steel workers 
to place one strand anc its two bearing assemblice 


Five minutes is allowed for two men to accomplist 
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the prestressing operation. For the bridge 
in Macison County, Tennessee, the engineer 
Stated that two adjacent strands in one beam 
were prestressed in one operation in five 
minutes. 

Total time = 30 min./strand 

Pate = $3.25/hr. 

III. Reinforcing Steel for Conventional Beams 
The price of reinforcing steel is of January, 1951 (7). 


6.39 per 100 lb. 


Delivery = 7co Ose WOO 1b. 
Bencing = 1.7/9 wer TOO Ue. 


£2.54 per 100 lb. 


Base Price 

Base Price = %.0834 per 1b. 

For 1", 13" arc lj" bars, add $.001 ver 1b. to base 
price if ouantity is from 1 to 5 tons. For quantities less 
than one ton, add ¢.C045 to base price. 

Unit Cost: 

1 to 5 tons = $.0844 per ib. 
less than 1 ton = 3.0879 per 1b. 
a. Prestressing Strands 

The costs of the prestressing strands in each case 
are as listec in the estimate sheets and are as quoted by 
John A. Roebling's Sons Co. for January, 1951. The unit 


prices are based on a quantity of 100 assemblies but can be 
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used for quantities ranging from 30 to 300. The same unit 
prices have been used for 1 and 10 assemblies on the assump- 
tion that the manufacturer has another order for the same 
size strand which will bring the total quantity within the 
range of 30 to 300. The same unit cost was used for 1000 
assemblies,as a figure for this quantity was not available 
to the authors. 
V. Bearing Assembly 

The price per assembly is based on $6.30 cwt for steel 
plate and the unit price for the tube which protects the 
socket is $41.00 per 100 or $370.00 per 1000. The labor 
for cutting the hole and sizing the plate is one-half hour 


of steelworker time at $3.25 per hour. 
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CONVTNTIONAL PSINFORCED CONCKETS DESIGN NOTATIONS 


L 


"Thin 
Tee 


fo 


Svan of beam 

Live load 

Compressive strength of concrete at 28 days 
Compressive unit stress in extreme fiber of concrete 
in flexure 

mes 8. ik 

Ratio of distance between resultants of comoressive 
and tensile stress to effective depth 


Live load moment 


bae 
12,000 


Width of beam 

Depth of beam 

Dead load 

Dead load olus live load 
Noment of dead and live load 
Effective cepth of beam 
Area of steel 

Resisting moment of concrete stresses 
Total shear 

Shearing stress 

Sum of perimeters of bars 


Bond stress 
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PEESTRESSED CONCRETE DESIGN NOTATIONS 


L 


as 


AT+ 
if, 


ae” + 


Span 

Live load 

Allowable comoressive stress at prestressing 
Allowable compressive stress under full load 
Allowable tensile stress at prestressing 
Allowable tensile stress under full load 

Live load moment 

Coefficient of maximum vrestress loses 

Devoth of section 

Ratio of area of cable holes to area of section 
Change in f+ due to cable holes 

Change in f, due to cable holes 

Change in f'. due to cable holes 

Areé of section 

Breadth of section 

Prestressing force 

Distance from bottom of beam to cable 

Revised distance from bottom of beam to cable where 
the cistance is less than 2.5" 

Revised prestressing force corresponding to a! 
Allowable bearing pressure of bearing plate 
Reouired area of bearing plate 


Thickness of bearing plate 
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JOHN A. ROEBLING’S SONS COMPANY 
BRIDGE OIVISION 
TRENTON, NEW JERSEY 


SUBJECT: 


FEYSICAL PROPERTIES 
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COST ESTIMATE SHEETS FOR CONVENTIONAL 











AND PRESTRESSED ERAMS 


The following pages, 26 through 81, are the sheets 
on which the costs of the fourteen conventional and 
fourteen prestressec beams are estimated for the quantities 


of 1, 10, 100 ance 1000 beams. 
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CONCLUSIONS 
From the comparison of the fourteen simple beams, 
conventional reinforced concrete is more economical in 


total cost. Prestressed concrete is more economical in 


labor cost and guantities of concrete and steel. 


Despite the fact that less steel and concrete were used 
in the prestressed beams, the total cost was greater because 


of the cost of the vrestressing strand. 


Prestressed concrete compares more favorablv at 40 feet 
than at 20 feet. It can be reasonably assumed that it will 
become more favorable as the spans increase and at some span 
will become more economical than conventional concrete in 


total cost, 


At this time there is a very small cemand for pre- 
stressing strands. When this demand has become large 
enougn to allow mass production, the strands will become 
cheaper anc, therefore, prestressed concrete will compare 


economically at shorter spans. 


. 


+4 
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PART dl 


COMPARISON OF A SMALL HIGHYAY BRIDGE 


A prestressed concrete bridge in Madison County, 
Tennessee, was chosen for comparison with a conventional 
design because it was the first prestressed concrete bridge 


completed in this country. 


The prestressed Cesign consists of three simple beam 
spans supported on timber pile bents. There are two 20 ft. 
spans and one 430 ft. span. The beams are unioue because they 
are made up of precast concrste blocks with special end 
Peecks for anchoring the vur-stressing strand. Fach 20 ft. 
spen has one stranc and each 30 ft. span has two strands. 

The concrete blocks have three rectangular holes through 


mhicn the strands sre passed (8). 


ror the oetabts of the fabrication snd Ghe piecing of the 
beams on the bents, the following is quoted from Reference 9: 

".,.. All materials used in the beams, including manu- 
factured concrete block, prestressing cable units, terminals 
and end plates, were delivered at the yard. Blocks were 
Stacked to facilitate fabrication and cut hand carry distance. 
There were a total of forty-five beams, built by nine men 


(2 convicts), organized in two crews with one man placing 








a, 


cables for both crews. Bridge lumber vas used to lay eleven 
bees upon ~hich beams were built. Feams were built in 
stacks of four beams, one on top of the other. First, the 
end block was laid on the bed. Next, a standard block was 
mortared 2nd set in place against the end block. While each 
block was being placed, others were being mortared and made 
reacy for use.: As construction of each beam progressed, 
cables were threaded. The beam was completed with another 
enc block. tnd Plates ere put on the cable terminals and 
nuts tightened slightly. Prestressing was not done until 
after the initial set of the mortar. tach beam was built 

in the above manner. Prestressing was done mith a calibrated 
hydraulic jack anc rig. tach bean was stressed in about 


five minutes, by three men, 


"During, and orior to tne construction of the beams, 
abutments were poured, piling driven and caps placed. 
Piling and cans were of creosoted timber. The abutments 
consist of a concrete cap and end wall, supported on 
creosotec timber cavs, driven through the approach fills. 
The bridge has a length of seventv-feet, consisting of 


three spans, placed 20 feet, 30 feet and 20 feet. 


"After the completion of the beams in the yard, they 
were transported to the site on trucks and trailers. They 


vere loaded on the trucks with the truck mounted crane. 
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The trucks usec were two single log trailers, with e ton 
tractors and one squinment trailer, or low-boy. Loading 


and hauling was no problem. 


"At the bridge site the beams were unloaded by the 
truck-crane and placed Girectly on the supports to avoid 
excessive hancling and save time. The beams were placed 
against each other to form a solid deck. The spans were 
erected successively anc as the first span was completed, 
the crane was backed upon it and the second span laid. The 
third span was placec in the same manner. The only problem 
arising in this phase was the necessity to move the crane 
off the bridge beside the transport truck, pick up a beam 
men move back on the bricce to plece the beam. The capacity 
of the truck-crane woulcé not allow booming around to pick up 
and place beans. Although this took some time to make these 
moves, it, at the same time, furnished a good test for the 
means, as the rear axle load of the crane was 25,000 Ibs., 
loac witn a 30' beam. This exceeds the H-15-44 design load, 
mithout the concrete deck in place. Of course the deck will 


Cistribute live load and increase the canacity of the bridge. 


"After placing the beams, forms were placed for the 
curbs and enc walls. A three inch concrete deck reinforced 


mith 6x6x6/6 wire mesh was poured directly on the beams..." 


“ 
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fee 
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oy 


t... Total construction time took seven days and as 
high-early cement was usec in the deck, the bridge was 


opened to traffic in ten cays." 


The conventional design is a simple span stringer 
bridge with a reinforced concrete deck. This design mas 
used bv the authors because it is the type of bricee that 
would have been built on this site if the prestressed design 
had not been accepted (9). A drawing on page 105 indicates 
emother solution to this design problem. In the design 


which follows, the AASEO specifications were used. 
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by BE BLOCKS prestressed with a livdranlic jack Ceft) form beams 20 and 30 ft long. Placed side by side... 





4h 


= a4 









OCK BEAMS comprise a three-span bridge capable of safely sustaining He 10-44 loading or one UH 15 truck. 


From Engineering News-Record 


January 18, 1951 
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fe U-bors of --~¥ 
beoring plotes | 
58 


Tas rte, ant ie 
open aS 


ott | 
"Le - Typicol eS 3g -* : 





2 freoted Bee eee rimberaes = 
planking ; SECTION AT TRANSVERSE CABLES 

ABUTMENT DETAIL PIER DETAIL 

ee ioe Loe, 7, |, | nn ene 
Z se OOS 9-6" eee mr oko er ais aneie ote ate e 6 ok 
r/ 

oft 4 y" sym 20 | 

7 ‘ Ox 60 Y wire mesh, ne: 
7 Hit abe 





N : y y é Ny A) 
A. Y es Tr AN" 
als. ARAL x AUB RRA wey bbb RNAI 47a bt, SODSSLAN TE 


er ee 
" : SS pp ee = 
| — | 4—-| _] __le=i 


.. ae ere = re ~_- _—_ fefew 
<> > 


SECTION 1 SECTION 2 





SRIDGE is made up of 45 block beams, 15 per span. ‘Transverse prestressing ties beams together in each span. 


From Engineering News-Record 


January 18, 1951 
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Conventional Design Computations 
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Specifications - AASHO - 1949 

Two spanz 20'1", one span 2619" 

Live load - H10-44 or one H15 truck 

Floor Slab Design: 
Assume 8" flange 
Span = 6'6" - g" + yn = ton AASHO 3.3.2 
Estimate of DL of span 

7" 

10" 


Assume total t 


i 


structural t 


1:0 


Wee sR 1 RE 150 = Las Dee 


Effective “idth 


ix} 
t 


66 *# 2.5 AASHO 3.3.2 


B= .6 x 6.067 2.5 325.7 + OS = GL 


Ht 
i 


Bending Moments 


0 0) 
Impact = a ae te “l67 + 125 * 32% AASHO 3.2.12 


Max. I = 30% ... Use 30% 
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Moments: 


Edge Strip 


Pos. D.L. = 1325(6.167)" = 0.34 £tK 
L.L. = .25 x 295 x 6.167 = 2.99 ftK 
Impact = .3 x 2.99 = 0.90 ftK 
Total = 4.23 ftK 

Edge Strip 
Neg. D.L. = +125(6.167)* = 0.48 ftK 
fin = we & a5 x 6.167 = 2.39 ftK 
Impact = .3 x 2.39 = O.7e ftK 
Total = 3.59 f£tK 


Intermediate Strip 


2 
Pos. D.L. = de (9.16 = 0.30 ftK 


bib. = «2 a x 6.167 = 2.39 ftK 
Impact = .3 x 2.39 = QO.fe ftK 
Total = 3.42 TK 
Meg. D.L. = 112566 Al)" = 0.40 £tK 
L.L. = .2 x z=, x 6.167 = 2.39 ftK 
impact = .3 x 2.59 = O.fe ftK 
Total = 3.51 PK 
.. Design Moment = 4.23 ftK 
o's = Fc00 wei AASHO 3.4.12 
Eg = eonoo0 psi 


~&@ 


. 
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fo = 1/3f', = 1000 psi = 1 Ksi 


M = 1/2f, jkbde 


. 9 ae ee o 
ee ax fas oe ee eo 


5.32" Wee 5a" 





QO. 
I} 


t = 5x + lz = 7" Assumed 7" OK. 
No bone or shear checks required. AASHO 3.3.2(a) 
Reinforcement: 


»' Ain & 4.23 x 12 » 
ms: Be = Tega” 20% ee > > OO in.¢ 


A F 2 Jc s 9 
Neg. Ag = 30°x .AS1 x 5.05 = 465 in. 





+A. use 2 @ 12" (straight) 
2 G 12" (bend up at stringers) 
- Ag use 5 > © 12" 
Distribution steel 
4,20. Soo 
= A a a 
JS 76.167 
402(+A,) = .402 x .55 = .222 in.® 


= 40.2% 


Use a @ 1e" 


| vou 
Quantities: 
Concrete: 
oe ee ee ee ee 
xX ip x k 35 + 55 * fo * = 46.53 cu.yd 
steel: 
1/2*: = 1360 ft = 1155 1b 
5/8 P - 2518 ft = 2940 lb 


172 ) = 1960 Fe = 9ap 15 
5017 1b 


Stringer Design: 
Main span - 28.83! 
Deac loac moment: 


10 9 
DLM concrete slab = 9-167 * rz x 150(26.83)" 


Assume stringer weight = 52 pof 
ve 
DLM stringer = -062( 26.8 = §.5 ftkK 
Total = 6&.5 ftK 
Poergaon for max. L.L. moment 
alee ? Ls >i we ipo 
ec ea 
i “i niin A 
| 
<- glee ae » 2 Ss 
. 
OG load from front ~heel = 2S - i1.2 £t 
a3_x 19 F ae 05. = 3 4 ; — 6 78K 
2% 3% is ¢ 


LLM = 6.78 x 13 = 87.8 f£tK 


“16 


ose 


rte 
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Overload Provision: AASHO 3.2.4 
Increase live load 100% 


LEM = 2 x 47.8 = 175.6 ftK 


Impact: 
S22 el, | set ese = 
e = T+ [es = BETES + 1am = 32.5% 
Maximum % = 30 .. Use 30% AASHO 3.2.12 
I= .3 x LLM 


Total Moment: 
Normal load 


LLM ss =-—«oB7«WS_ FAK 





Impact = 26.3 ftK 


DLM = 66.5 ftK 
Total =2@2 .6 ftK 


Overload 


Vd 


LLM 175.6 ftK 


Isipact = 5enr6 ftk 
85.5 ftx 


Reg), = —<lomaeab 


Overload Eee . 
Normal load ~ sas = 


1.545- 1.5 .% Overloaded rules. 


DuM 


Total design moment = 48.1 el] pK 
f (allowable) = 18 Ksi (L = 0) AASEO 3.4.2 


SR. Ale wae . 3 





* 
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Assume 21 W 73, $ = 150.7 in. 


—— 2 
Depth to length ratio SESE XD = .0607 


{0607 > de «TOK AASHO 3.6.11 
Vaximum Reaction: 
- = ->| 
- @ ian 2h, 
LLR, = 12 + ares x 3 = 1398 kX 
DLR, = .O73 w 14.41 77 Me We Kk 
Impact Ry = .3 x 13.54 = Leone 
Total = 29.76 K 
Shear on Web: 
 »2e..76 
Actual = el. & Ss 5.09 Wasa 
Srey IP © GE 
Sviffeners: 
qd _ 21.e4 = My O 
.* 6.8 AASHO 3.6.4 


b6.6< 60 .. OK Stiffeners not required. 
ee suring crs car tis two 2C ft. spane were cesigened as 
Beove. ite Jesign resulted in four el vv 62 stringers 


per span. 


Lad 
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ALTERNATE DESIGN 

Another possible solution to the conventional design 
is to use a flat slab without stringers. This solution was 
suggested by personnel of the Bridges, Grade Separations 
ano Structures Section, Construction Division, New York 


Department of Public Yorks. 


This design was made and the two slab sections on the 
following page detailed. Hovever, further correspondence 
mith Mr. Roczcrs, County Engineer of Madison County, revealed 
that there was no crane in the immediate locality of sufficient 
Size to place the sections. As it woulc not be economical 
tO transvort such a crane for any considerable distance, a 


cost estimate for this design mas not made. 


Tne provosed construction procedure was to pour the 
Slab sections eitner in the contractor's yard or adjacent to 
tne brisrve site. ‘When =+ trie site thev would be placed on 
Si. beavts by Ure crane. ‘Ihs teys would then be cast in 
place, the forn work being supported by bolts cast into the 


Slab sections, 


ae 








Hacr C ; 
CRNSS SE. TIAN - CENTER =o 
N 


te ee 


a 


J — es en 
“ de 


bee, ¢—~3"cc -— 





Ager 
me Choss SECTION — SiD Eugen 





106 


PRESTRESSED BRIDGE COST 

The following breakdown of costs for the prestressed 
bridge was supplied by the Highway Department of Madison 
County, Tennessee (10). These costs are for the super- 


Structure onlv. 





Beam Construction: Labor $# 429.22 
Materials 1,409.42 

Beam Laying: Labor 234.28 
Equipment 129.01 

Forming Deck: Labor 323.78 
Equipment 36.13 

Deck Concrete: Labor coral! 
Materials 770.27 

Equipment 2h .50 

$4 053.76 


CONVENTIONAL REIDGE COST (For superstructure only) 


I. “stimate of Quantities: 





Item eit Net Round 

Concrete Cue vd 46.53 50 
Cement Bol 61.3 63.0 
Gravel Ton 43 4 HS 0 
Sand Ton 524175 34.0 
Seructtral Steel Lb 18660 19,000 
Reinforcing Steel Lb OL 5 500 


Forms BF 3940 4 000 





: 


o--9 
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I. Estimate of Quantities (Cont'd.): 
I 


tem Unit Net Round 





Labor (as taken from Ref. 12): 


Mix and vlace concrete 





@ 4 hrs/cu ya Hr 186.12 200 

Place reinforcing 

@ 16 hrs/ton Hr HO.1 Hy 

Meke up forms 

@ 6 hrs/100 SFCS Hr S5 .& 90 

Wrect and remove forms 

@ 9 hrs/100 SFCS Hr 129 135 

Move forms 

@ 2 hrs/100 SFCS Hr 26.6 30 

II. Estimate of Costs: 
Unit 
Item Unit Quantity Price Cost 

Cement Bol 63 $3.00 $$ 189.00 
Gravel Ton 45 2.24 101.00 
Sand Ton 34 1.54 62.50 
In place Structural Steel Lb 19,000 . © 1,900.09 
Reinforcing Steel Lb 5,500 .063 346.00 
Bend Reinforcing Lb 5,500 .0075 41.30 
Place Reinforcing Hr 4 1.05 46.20 
Forms BF 4 000 .09 360.00 
Make up Forms Hr 90 1.05 94.50 
Erect and Remove Forms Hr 135 1.05 142.00 
Move Forms Hr 30 75 a . 50 
Mix and Place Concrete Fir 200 «$9 150 .Q0 


Total $3,455.00 


17% Overhead 566.00 
$4. O41 .00 


ry 


36 
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The preceding unit prices were taken from references 


ma bs, le and 13. 


CONCLUSIONS 

The costs of the prestressed bridge and the conventional 
bridge are for all practical purposes the same. This indi- 
cates that prestressed construction has certain inherent 
advantages, such that when it is integrated ina structure 
as a whole, it comoares mucn more favorably than when indi- 


vidual elements are compared, as is shown in Part I. 


There results a considerable saving in steel by using 
hee prestressed design which, as brought out in the 
Introduction, is of ever increasing importance. This 
Saving in steel is not achievec at the expense of using 


additional concrets. 


Another factor which ceserves consideration is the 
time required for construction. Tne prestressed beams were 
fabricated while the substructure was dneing built ana were 
erected as soon as it was completed. The total construction 


“9 


time for the prestressed bridge was 7 days, which is less 


time than woulc be required to erect the conventional bridge. 


Since the superstructures only were compared, it is 


possible that a more expensive substructure would be necessary 
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carry the adcitional dead weight of the conventional 





bricge. If such was the case, the prestressed design oul 


even more favorable. 
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PART Gi! 


COMPARISON OF A HIGH®¥AY OVERPASS BRIDGE 


It was next decided by the authors that the comparison 
should also incluce a large structure which was typical of 
those being constructed in considerable numbers at the 
present time. The super highway building programs which 
are being constantly increased in score supplied a good 
example of such a structure. The Bridges, Grade Separations 
and €tructures Section of the Construction Division, New 
York Department of Public Works, suggested a bricge which 
is part of the New York Thruway. This bridge is located 


east of Buffalo, New York, in frie County. 


é 


This cost comparison is limites to the superstructure, 
assumine the same substructure wii.1l ce used for both bridges. 
Forever, it is possible that a minor mocification of the 
substructure may be necessary to cerry an increase in super- 


structure dead weight. 


The conventional bridge is now bcing constructed, under 
contract, by the Department. It is a four span, six lane 
overpass carrying Walden Avenue over the Thruway. The super- 
structure consists of wide flange sections with alpha spirals 


bonded into a conventional reinforced concrete structural 





Li: 


slab. The two center spans are 665', the two side spans 44', 
Bra the total width is 91' 4" out to out, including two 3' &* 


sidewalks. 


The prestressed bridge was designed for this site based 
on the same loading and the same overall dimensions. It con- 
sists ot Tee beams on four simple spans replacing the wide 
flange sections, alpha spirals and the structural slab. 

The Tee sections are the obvious chcice for a simple beam 
because they nave a large compressive area of concrete. The 
thin wed has sufficient area to carry the compressive pre- 
stressing force when the strand is tensioned, and is also 
large enough to carrv the strand and provide sufficient 
cover to protect it from the weather. By placing the top 
flanges sice ov side thse waterproofing and wearing course 
can be placed and poured without any in-vlace formwork 


except at the sides acjacent to tne sidewalks. 


The provosec construction p~roszecurs is first to prevare 
oeeeret WOrkKIine surface adjacent tc “he site, then @o erect 
Dlywood forms hile the substructucs: °s being constructed. 
The beams vwoulc then be poured enc wren the concrete attains 
sufficient strength, the forms will be stripped and used for 
additional beam pourings hile the curing process continues. 
When the beams have attained sufficient adcitional strength, 


the strand will be tensioned to the design tension by means 





ue 


of a hydraulic jacking unit. After this tensioning they 
can be handlec by a crane, In handling, two precautions 
must be followed: 1. They must be picked up at or very 
close to the ercs with only two points of support, and 2. 
they must not oe allowed to tip over to any appreciable 
extent while being supported at the erds. This can be 
very easily insured by using a lifting frame ana slings 


with hooks at the ends. 


The crane will pick up the beams and place them on the 
bents in the same manner as is cone in erecting steel beams. 
When all the beams in one svan are erected, the transverse 
strands will be threaded through the holes cast for them, 
in both the top and bottom of the transverse ribs, anc then 
tensioned by ‘neet:.s of the same hydraulic jacking unit and 
procecure. Tanase ribs 2nd strands will form transverse 
beems cavabie of resisting either positive or negative moment 
vecuuse oF ths dual 3tran2? position. These beams serve to 
mes the Seams “og@etier rigidly anc alec dwetrpbute any con- 
centrated load to the entire width of the bridge. The pre- 
stressed superstructure at this stage is equivalent to the 
conventional superstructure after the structural slab has 
been poured, allored to cure, anc the form work removed. The 
remaining work to complete the bridge would be done in almost 


exactly the same manner and sequence for both superstructures 
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As was previously stated, the authors sought to limit 
the comparison 3s much as possible in order to bring into 
sharp contrast the tro designs and the cost of constructing 
each. This was aided by comparing only the main longi- 
tudinal structural system of the superstructure, assuming 
that the lengths of span and other limiting conditions of 
design were determined by considerations other than 


structural economy. 


The authors recognize that there are many other solutions 
to the basic problem, such as eliminating the intermediate 
bents and using two spans of 110 feet each. This span 
length is not excessive for prestressed construction. This 
is because the stresses induced bv flexure due to dead load 
Alone are entirely eliminated at the time of prestressing so 
as to nave no effect on the total load the beam can carry. 
Phis is not crue of vertical shear or diagonal tension at 
the ends byt vhis is no problem in prestressed beams (6). 
towever, @ comparison based on this scintion or the many 
others possible could not be done due to time limitations. 

A study of the most economical egueiment ton of substructure 
and superstructure for any bridge is an involved and time 
consuming job, requiring complete and detailed information 
on foundation conditions, superstructure and substructure 


costs, which were not available to the authors. 
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PRESTRESSED BEAM DESIGN 

The design of the amet esses beams was done using a 
Tee section. Since there is no direct solution for an 
irreguler section, such as Mr. Uziel's for rectangular 


sections (5), it was a trial and error vrocedure using 


P+ MC 


_ Tt 


In section I of the design the loads were computed, 
the number of teams in the bridge assumec, and the bending 


moment due to live load and wearing course calculated. 


In section II the required section moduli were calcu- 
lated anc a section assumed and checked. In section IIl 
the dead load moment was calculated. The prestressing force 
and eccentricity reaquirec to give the favorable stress con- 
dition dcesirec were calculated in section IV. This permitted 
the calculation of the reouiredcd strand size in section V and 
the selection of a strand from the Strand Physical Properties 
Table, page 24. With the size of section and strand deter- 
mened, the atresses in the top and bottom fibers at the center 
line were checked in section VI under these twd critical 
conditions: 1. when the strand is tensioned and the cead 
loac of the beam alone 1s acting, and 2. when the beam is 
Carrying the full cead anc live cesign loads. The major 


principval tensile stress on the neutral axis at the support 
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then calculated as a measure of diagonal tension in 





section VII. The transverse steel was designed in accordance 





mith AASEO 3.3.2(c). The final calculation was made for 
the reguirec area of the bearing plates at the ends of the 


Seranes in section IX. 
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DESIGN OF CENTER SPANS USING TER BEAM SECTIONS 


i. 


PI. 


Loads 

6 Lanes of H20-44 

Span = 66'-0O"; Lane width = 13'-\" 
Sidewalk = 2'~6"; Mall = 4'-oO" 
From AASHO Specifications, 


My, per lane = 645,000 ft.1lb. = 7,740,000 in.1b. 


. _50 ila - 
Impact D+ 13s +136 262 


My, + Imact = 1.262 x 7,740,000 = 9,750,000 in.1b. 
Assume 42 sections per span, 3 sections under 


Sidewalk, 39 sections under road 


™idth of section = 24-3 % 16 _ 26h" 


My, per section = 6 x 39 9,000 - L ~5@OFOC9 in. db. 


Assume 4" wearing course 


We = 20.125 eae 


-— 
uw = LOH. 28) x 12 — 643,000 in.1b. 


SI 
Mp = Mp + Mg = 1,500,000 + 683,000 = 2,183,000 in.1b. 


Section Modulus Required 
Pg = 5000 pel 
f, = 2000 psi 


aa. . S05, . | 
S = F = “3650 = 1092.5 in.) 


o? ee 
. 
° 
a 
” R 
“se 
. 
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7 
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we 
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K-26-1/8" 
To a 
AK | = wae ) -. i — 
ae 
26 | a : 
-_ % 
i. ee ene 
Pai 
: | | | > | 
Section | Size A | y Ay Lo | 
| 
: I 4" x 26-1/6" | 104.5 ms 209 big! 139.5 
| Ir | 6" x 26" | 156.0 | 17} 26501 45,100 | 8, 780.0 
‘Total | | 260.51 | 2859 | 45,518 | 8,919.5 | 


ay. 2650... 
7 =e = Beo.5 = 


yg = 30 - 11 = 19" 

I, = Ig + Ay? = 6,919.5 + 45,518 = 54,437.5 in.? 
Iog = 1, - Aye’ = 54,437.5 - 260.5(11)° 

toe = Sielis7is - 32/900 = 224997.5 im. 


< 
il 


log 22 

= = - = ; 5 

S = log = Claw od 5b = 1205 ie 2 
E vip 19 


2065 and 1205= 1092.5 .°. OK 
III. Dead Load Moment 
Assume 5 diaphrams in beam @ 11' cc 
Diaphrams are tee sections of same cross section 


as beams. 
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4 ® ee 4 
a i C 
. “e : 
’ 
ae? 
7 ° 
a. ° 
. * ’ : 
: a: 
-* Ly 
cty . 
oe bg 
; » 
. * 
e , < : 
* 
= i! E 
' 
® 
: « 
q : 
.? 


we 





118 


(26 x 6 +4 x 26) 5(6 x 26)(264 - 6) 
— = I x iby + 7B x ay 


Wp, = 260.5 + 20.9 = 261.4 ppt 


2 
Upp, = 2S t(OG)" x 12 _ 1 gh0,000 in.ib. 


Prestressing Force and Eccentricity 


Critical conditions are stress in bottom fiber under 
ceac and live loads and stress in top fiber after 
prestressing and prior to application of loacs. 


A. Stress in bottom fiber under dead ano live load 





b Pe 1,840,000 2,185,000 _ 

20.5 i205 1205 1 ee 
B Stress in top fiber 

._ We. = . 

P ao. 16h ep _ 

po0.5  BOe5 2085 - ° 


eeiving for P, 











wm sb «4 Pe _ 4,025,000 — 
B60 12505 1205 : 
2 Pe . 1,840,000 _ 
ae 2005 ~ coe, = ° 
P = 172,000 


Substituting P in A., 


172,000 , 172,000¢ _ . 
700.5 °° i205 - 22 0"= 0 
e= 1.3" 
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e = 16.5" is too large. It would not allow 
sufficient cover. 
Assuming 2" cover and two strands place C.G. of 
steel 6" from bottom of beam. 

 @ = 19 - 6 = 13" 
Revise P for e = 13" by substituting © = 13" in 
equation A. 


P LP 


26076 * Yeon = PO = 8 
4 .61P + 13P = 4,020,000 
4 020,000 _ 


- = “er = 226,000 Ib. 
Strand Size 


Strand cesign stress = 105,000 psi 


P _ 22%,000 


= =” C= = e 
5 Wows MW5.oeo  c:-! = 


A 


Use 2 - 1g strands 

A, = 2.24 in.¢ 

Stress Check 

A. Too and bottom fibers at center line due to dead 
load and initial prestress. Strands designed for 
105,000 posi but initiallv prestressed to 125,000 psi 
to take into account loss of prestress due to plastic 


flow and creep. 


; & WabeOBO _ 125,009 _ 
P mK 105,000 228,000 x 105,000 272,000 ler 


+ ate 


pet 
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Stress in bottom fiber 


re t M 
. ES D 


mepte- = 
f, = Tree 13 gfe 000 - ee 
f, = 1045 + 2930 - 1530 

fy = 3975 - 1530 = 2445 psi (compression) 
f, = 5000 

f', = .45 x 5000 = 2250 psi 


Stress in bottom fiber is 195 psi greater than 
f', but since creep plastic flow and any load 
will reduce it below a it is Congide red 
satisfactory. 

Stress in top fiber 


M 
re = a pee 4 2 
A Sr Sm 
AX 


272,000 x 13 1,840,000 
9 « 2085 —~CS~<“‘<‘<‘SR ES 


Hy 
cr 
! 


rh 
i 


‘ 1045 - 1700 + $85 


a, = 290 Wet (compression) .%. OK 
and bottom fibers at center line due to dead 
live load 
Stress in bottom fiber 
Ni M 

a 2.2 
jo A Sp Sp Sp 

_ 228,000 3. & 228,000 1,340,000 2,168 ,C 
> dees, * 1205 “05 ~C~CS:*CS:*CSC 


a 


ciod 
” 


Se 


bi 


es 


ri 


ctr 


me 


. 


* 


“ 





a 


7 


Tk 


f, = 875 + 2460 - 1525 - 1615 
O 


fy ie OK 


2. Stress im top fiber 


Pp Pe Mp My 


cone —— oe ee 


+ Fate Ga 


_ 228,000 13 x 228,000 , 1,540,000 , 2,188.0 
f+ = So. 7 “ae. ~~ eC es 


f, = 675 - 1425 + 885 + 1055 


ty 
i 


4 = 1390 psi (compression) .% OK 


VII. Diagoz°1 Tension and Horizontal Shear on C.G. at Support 





Total = 1087.5 


Horizontal Shear = te x Ay 


I 


It 


Be 795) 5 

t = 6" 

Dead load shear = 261 x 66 = 18,500 lb. 
Wearing Course shear = 104.5 x 56 = 6,900 lb. 
Live load shear = 47,100 lb. per lane (AASHO) 
Impact = .262 


Impact shear = .262 x 47,100 = 12,350 1b. per lane 


iw 


1% 





eail. 


ke. 


Lee 


Total live load shear = 6" 2 12358 =9140 1b/beam 


V = 9,140 + 18,500 + 6,900 = 34,540 lb. 


+ 8s TET ” 1067.5 = 275 pea 


a eeeee ea 


Diagonal tension fp = it ye ~ aft : 





P _ 228,000 _ 
7 ae 260.5 — oT 
dams 2 
ty = 2 -Ytem? « SB 
fp = 437.5 ~ y 266,000 
fpp = 437.5 - 516 
fop = 78-5 psi (tension) 


Code allows ,03 ee without stirrups 
-03 f', = 150 psi 
150 > 77% «2 ne stimPtps 


Transverse Steel AASHO 3.3.2(¢) 
q = BO. wel. ise 

{s y66 a 
We x 113 ® 2.12 = 11.5 in. 


Area ner diavhram = . = 2.5 in. 


Use 2 - if" strands top and bottom 


Bearing Plate 


P = 228,000 lbs 


E 


Avéa require = PTTGeeeic DEETENE PROMOULe 


Allowable bearing pressure = 2200 psi 
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226,000 _ me 
3000 = LCS.@ im 


Area of 2 - 5" diameter holes = 39.2 in. 
Gross area of plate = 103.8 + 39.2 = 143 in.© 


Use a plate 10" x 15". 


DESIGN OF EVD SPANS USING TET SECTIONS 
This design was done in the same manner as for the 
center span; however, the design is not included here as the 


authors felt it would te superfluous. A summary of the 
26h" - 





results of this design follows: 


22 tt 
wl ke 53" 
1. Cross section found to be satisfactory: 
A = 225 in.@ 
Section modulus (bottom fiber) actual = 850 in.? 


Section modulus (bottom fiber) required = 728 in.? 
1606 in.? 


Section modulus (top fiber) actual 
2. Prestressing force: 


7 


120,100 lbs. Use one 1-7/16" strand 


e = 14,25" 
3. Stresses at centerline: 
A. Under prestressing force and dead weight of 
beam alone 


Bottom fiber = + 2,078 psi compression 
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Top fiber = -166 psi tension 
B. Under full dead and live design loads 
Bottom fiber = +3 psi compression 


Top fiber = +515 psi compression 





4. Waejor SPiEeS 1. vewstDE stress 

f, = 58.7 vsi (tension) 

Allowable tension = .03 f', = 150 psi 
5. Bearing plate area = 81 in.© 


Use a plate 9" x 9". 


SUMMARY OF QUA*TITISS 


The elements which are compared in the two bricges are 
only those elements of the conventional bridge which were 
replacec by the prestressed beams in the prestressed bridge. 
All other items such as curbs, railings, ~aterproofing and 
wearing course were consicered identical in both designs and 
thus not subject to comnarison. 

Ht Prestressed Bridge - main longitudinal beams 
A. Concrete 726.6 cu yds 
By. St6el 115,850 lbs 

II. Conventional Bri¢cge 


A. Concrete for 7" structural slab 530.2 cu yds 


Cement for above concrete $25 Bbl 

Slab reinforcing steel 142,082 lb 
Spiral steel 6,370 1b 
Structural steel 408.000 1b 


Total steel 556,452 1b 
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STIMATE OF PRESTRESSED BRIDG® COSTS 

The cost of the prestressec beams was estimatec by the 
same procedure as used in Part I. The concrete price was 
@uoted by Buifalo Gravel Corporation of Buffalo, N. Y., for 
delivery to the site of the bridge. The strand prices were 
quoted by John A. Roebling's Sons, suvplier. The erection 
cost was estimatec on the basis of erecting an equivalent 
meight of steel. The hourly labor rates were quoted by the 
Buffalo office of the American Federation of Labor. All 


costs are those effective on March 1, 1951. 


I. Fabrication 
A. Center Snans 
Plywood forms (each form usec for 5 


beam pourings), &4 beams, 


528.75 SFCS/beam @ $.0594/SFcC8 
Bearing assemblies (material anc 


labor to fabricate), 168 pairs 


@ 33.308/pr = 556.00 
Ready mix concrete, 84 beams, 

5.475 cu yd/each = 460 cu yes 

@ $10.40 = 4,780.00 


Carpenter labor, S4 beams, 


5286.75 SFCS/each = 44,400 sFos 


yb ,400 SFCS x ratte » $2.35 = 97500 100 


t 


$2,632.00 
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Common labor, 84 beams, 
526.75 SFCS/each = 44,400 SFCS 


b,4OO SFOS x te2BE x $1.775 


Structural iron worker labor, 
168 strands © 1/2 hr/strand 
€ $2.525/hr 

Eno Svans 

Plymooc forms (each form used for 
5 beam pourings), 64 beams, 
320 SFCS/beam @ #.0594/EFcS 

Bearing assemblies (material ané 
Waber to fabricate) 

SU pairs © *3.308/pr 

Reacy mix concrete, %4 beams, 
3.175 cu yd/each € $10.40 

Carventer labor, 84 beams, 


320 SFCS/each = 26,900 SFCS 


9 hr $2.375 
26,900 SFCS x 700 eeas * ie 


Conmon labor, &4 beams, 
320 SFCS/each = 26,900 SFCS 


4.5 hr $1.775 
26,900 SFCS x ido Gros * 


Structural iron worker labor, 
Z4 beams, $4 strands 
@ 1/2 hr/strand @ $2.525/hr 
Total 


$3,550.00 


212.00 


1,597.00 


278.00 


2,/(5.09 


9,150.00 


2,149.00 


106.00 
$33,685.00 


? 


of 





12% 


$33,685.00 


ti 


Total 
On concrete work 27% is allowed for 


overhead and profit ane 2% for material 


waste. Owes x 359665 = 9,810.00 
Fabrication Total = $43,695.00 
II. Prestressing Strancs 
Strand Cost = 4,360.00 
On strands 10% is allowed for overhead 
anc profit. 0.10 x 48,360 = 4,836.00 
III. #rection - Labor, equipment rental, 
yrofit anc overhead = 25,000.00 


Granc Total =%121,891.00 


COMPUTATION OF CONVENTIONAL BRIDGE COSTS 
The auantities were taken from the Cesign drawings of 
the bricge. The unit prices are taken from a compilation 
of contract prices on an icentical bridge in the same 
locality which was contractec for on March 7, 1951. 
?. Gemercte for 7" Structural @Bab 
A. 530.2 cu yd @ $55.00/cu ye $29 200.00 
B. Cement for above 
$25 Bbl @ $3.50/Bbl 2,887.00 
II. Conventional Reinforcing Steel 


142,02 1b @ $.13/1b 16,450.00 
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III. Spiral Reinforcing Steel 
6,370 1b © $1.10/1b 3 7,010.00 
IV. Structural Steel 
40S,000 1b © $.16/1b 65 , 350.00 
$122,927.00 


2% is allowed for material waste. 


0.02 x 122,927 ___ 2,458.00 


$125,385.00 


Grand Total 


CONCLUSIONS 

The prestressed design shows an economy of %3,484.00. 
This is only 2.8% of the cost and, therefore, is not of 
great significance. The results, however, do show that 
orestressed construction compares favorably with combined 
steel and conventional reinforced concrete construction in 


a large structure. 


The prestressed design required 196.4 cubic yards more 
concrete. It saved 220.3 tons of steel, the conventional 


bridge using 4.8 times as much steel as the prestressed. 


Another factor in this comparison is the difference in 
construction procedures and the time they reguire. The pre- 
stressed beams can be fabricated at the same time the sub- 
structure is being built, ano their erection can be started 


as soon as two adjacent bents are ready for the beams. 


ve 


“? 


| 
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Thus it can be reasonably assumec that the prestressed 
bridge can be constructed in less time. This will convert 
some of the contractor's overhead expenses into profit, 


as he will be on the job a shorter period of time. 


* 


uy ¥ 
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PART IV 


FINAL CONCLUSIONS 


A comparison of prestressed construction with conven- 
tional construction if cone element by element does not give 
a true picture. This is shown by a comvarison of the con- 
clusions of Part I with those of Parts II and III. In 
Part I it was concluced that prestressed beams did not 
compare favorably in the range of soans 20 to 40 ft with 
applied loads up to 500 vovf. However, when these beams 
were incorporated ina structure, certain inherent advantages 
of orestressed construction, such as more efficient utili- 
zation of labor and materials, caused the comparison to 
Cchanee so as to show that prestressed construction was 
actually as economical as conventional construction then 


the structure as a whole was considered. 


Prestressed construction results in a saving in steel 
of uv to 60% in some cases over conventional reinforced 
beams, In the combined steel and concrete bridges compared 
in Parts II and III, prestressed construction replaced the 
main longitudinal steel sections and all of the conventional 
reinforcing steel “ith the small, very high strength pre- 
stressing strands. In Part III this resulted in a saving 


of 79.2% or 220.3 tons of steel. This is a matter of 


a 


ote 





132 


considerable importance as brought out in the Introduction 
and should be given serious consideration. Prestressed 

Gesign utilizes concrete more efficiently than does conven- 
tional; thus the considerable saving in steel is not accom- 


plished by using additional concrete. 


The trend of ccnstruction procedures using prestressed 
concrete is toward prefabrication as contrasted with in-place 
construction. This procedure permits fabrication to be done 
on the ground at a favorable site. This will considerably 
imorove concrete's position in the competition with steel 


erection time. 


It is the authors' opinion that prestressed concrete 
will become one of the major methods of construction in the 
future. This will be accomplished when design engineers arc 
contractors become familiar with its many savings and 


advantages, 
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